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Introduction:  It is  known  that  initial  infection  with  Helicobacter  pylori  can  occur  in children  aged  5 years
or  less,  but  there  have  been  no studies  investigating  the  period  of initial  infection.  Here,  418 children
attending  preschool,  and  their  parents,  were  tested  for H. pylori  DNA by  real-time  PCR  using saliva  samples
in  order  to infer  the  period  of  initial  infection  of  H. pylori.
Methods: Subjects  took  samples  of  their  saliva  by  chewing  on  a  sterile  absorbent  cotton  roll  for  2  minutes,
and  samples  were  stored  at −80◦C  until  they  were  examined.  DNA  was  extracted  from  100  l of saliva
and  was  tested  for  H. pylori  DNA  using  the  TaqMan  method.
Result: The  H. pylori  DNA  detection  rate  among  children  was: 4.1%  among  3-year-olds,  4.9% among  4-
year-olds,  10.0%  among  5-year-olds,  and  13.3%  among  6-year-olds.  The  detection  rate  thus  increased
with  age,  showing  a sharp  increase  from  age 4 to  5  years.  The  rate  of  H. pylori  detection  among  mothers
of  H. pylori-positive  children  was  56.2%,  which  was  signiﬁcantly  greater  than the  rate  among  mothers  of
H.  pylori-negative  children  (17.2%).
Conclusion: These  results  suggest  that  initial  infection  occurs  even  in children  aged  under  3 years,  and
the  rise in  detection  rate  between  age  4 and  5 years  suggests  that  there  is  a high  risk of H. pylori  infection
during  this  period.  Furthermore,  the  ﬁnding  that  the  positivity  rate  was  signiﬁcantly  higher  among  moth-
ers  of H. pylori-positive  children  than  mothers  of  H. pylori-negative  children  indicates  that  mother-child
infection  is the  most  important  route.
 Japan©  2014
. Introduction
Helicobacter pylori is a Gram-negative, microaerophilic bac-
erium with powerful urease activity and a helical structure. It
as ﬁrst isolated and identiﬁed in 1983 by Warren and Marshall
1], who found it in the gastric mucosa of patients with gastri-
is. H. pylori breaks down urea with urease, producing ammonia.
s this neutralizes the gastric acid, the bacterium is capable of
iving in a strongly acidic environment. When present in the stom-
ch, H. pylori often inhabits the mucus layer or gastric pits and
ay attach ﬁrmly to the surface of epithelial cells [2–4]. Numer-
us epidemiological studies have shown H. pylori infection to be a
ause of acute and chronic gastritis, as well as gastric and duodenal
lcers, and also to be involved in the onset of stomach cancer and
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niversity,  1-8 Hamauracho, Chu-o-ku, Niigata 951-8580, Japan.
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348-8643/© 2014 Japanese Stomatological Society. Published by Elsevier Ltd. All rights rese  Stomatological  Society.  Published  by Elsevier  Ltd.  All  rights  reserved.
low-grade mucosa-associated lymphoid tissue (MALT) lymphoma
[5–16]. Recent studies have shown a considerable number of cases
of idiopathic thrombocytopenic purpura (ITP) and childhood ane-
mia  associated with H. pylori infection [17–19], and improvement
of symptoms as a result of H. pylori elimination has been reported
[20,21]. Given the current emphasis on preventive medicine, grasp-
ing the status of H. pylori infection is essential.
The period of initial infection with H. pylori is reported to be
most common up to 15 years of age [22,23]. With regard to the
infection route, H. pylori DNA has been demonstrated in saliva and
plaque, and infection associated with mouth disease, from which
direct oral–oral infection can occur, is regarded as the most likely
route [24–27]. In addition, infection from ingesting water or food
contaminated with bacteria is believed to be an infection route, as
a close relationship has been found between the H. pylori infec-
tion rate and the state of the sanitation environment, such as water
and sewer services [25]. With regard to oral–oral infection, Sugiura
et al. [28] investigated H. pylori infection status among 92 chil-
dren attending a pediatric clinic and their parents, and analyzed
bacterial DNA in order to subtype it. They reported that close con-
tact between the mother and child during infancy is a major cause
eserved.
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Table 2
H.  pylori DNA detection rate among children.
Age 3 years 4 years 5 years 6 years J. Ueda et al. / Oral Scienc
f initial infection. However, there have been few epidemiological
tudies of infection in young children [19,29,30], and all of these
ave used immunoassays to detect H. pylori antigens in feces or
rine. Here, we detected and examined H. pylori DNA in the saliva
f children and their parents, in order to infer the period of initial
. pylori infection.
.  Materials and methods
.1.  Subjects
The subjects were 418 children aged 3–6 years attending one
f two kindergartens or one nursery school in Niigata City, Niigata
refecture, Japan, and their parents (338 mothers and 284 fathers).
ll samples that were in suitable condition and quantity for exam-
nation were examined, and no data were excluded. Subjects were
iven a full explanation of the aims and the content of the study,
nd they gave their consent to participate. This study was carried
ut with the approval of the Ethics Committee of Nippon Dental
niversity School of Life Dentistry at Niigata.
.2. Methods
.2.1. Collection and storage of samples
In principle, the collection of salivary samples was  carried out
t subjects’ homes, after they woke up in the morning and before
hey cleaned their mouths. Salivary samples from children were
ollected by their parents, and parents collected their own samples.
he samples were taken by placing a sterile absorbent cotton roll
n the mouth and chewing once a second for 2 min. The cotton roll
as then hermetically sealed in a plastic bag for collection. In a
aboratory, the saliva was collected from the absorbent cotton roll
y pressure using a 10-ml syringe, and the sample was stored at
80 ◦C until examination.
.2.2. Extraction of H. pylori DNA from saliva
The saliva was thawed at room temperature, and 100 l of phos-
horic acid buffer solution (pH 7.4) was added to 100 l of saliva.
NA was extracted using a QIAamp Mini Kit (Qiagen Ltd., Crawley,
K). DNA was reﬁned by ethanol precipitation and the sample was
issolved in 15 l of TE buffer solution (pH 8.0).
.2.3.  H. pylori DNA detection using real-time polymerase chain
eaction
Real-time  polymerase chain reaction (PCR) was carried out by
he TaqMan method using 5 l of extracted H. pylori DNA solution
s the template with 12.5 l UMM  (Fast Universal PCR Master Mix;
pplied Biosystems Japan, Ltd., Tokyo, Japan). Primers were pylori-
/r [31] and the probe was pylori-TP (Table 1). The reaction solution
as made up to a ﬁnal volume of 25 l with sterile distilled water,
nd real-time PCR carried out on a Step One Real-Time PCR System
Applied Biosystems Japan, Ltd., Tokyo, Japan). H. pylori DNA puri-
ed from a colony found by culture to be positive for H. pylori was
sed as a positive control, and sterile distilled water was used as a
egative control.
able 1
equences of primers and probes using real-time PCR.
Sequence (5′ → 3′) Dye, no. of bases
Primer
pylori-F 5′-GGGTATTGAAGCGATGTTTCCT FAM
pylori-R 5′-GCTTTTTTGCCTTCGTTGATAGT 22
Probe
pylori-TP 5′-CTCGTAACCGTGCATAC-3′ MGB  23No. of subjects 73 185 130 30
DNA detection rate 4.1% 4.9% 10.0% 13.3%
2.2.4. Protection of subjects’ personal data
From a standpoint of protection of personal data, the study was
performed in such a way as to ensure that the members of staff of
participating facilities and researchers involved in the study were
unable to identify personal data such as the name or test results
of any of the subjects. All children and parents were numbered
by family, and samples were labeled with the family number and
child and parent number, and were taken to the laboratory by a staff
member from the facility. Similarly, the test results were placed in
numbered envelopes in a single batch and returned to the families
by the participating facilities.
2.2.5.  Statistical processing
The  H. pylori detection rate, children’s age group, parents’ age
group, and parent–child concordance were tested using the 2 test,
with the level of signiﬁcance set at P < 0.05.
3. Results
3.1. H. pylori DNA detection rate among children
There were 418 children, of whom 73 were aged 3 years, 185
were aged 4 years, 130 were aged 5 years, and 30 were aged 6 years.
The H. pylori DNA detection rates were as follows: 3 years, 4.1%; 4
years, 4.9%, 5 years, 10.0%; and 6 years, 13.3%. While the detection
rate increased with age, the difference was not signiﬁcant (Table 2).
3.2. H. pylori DNA detection rate among mothers
There were 338 mothers, of whom 13 were in their 20s, 233 in
their 30s, 90 in their 40s, and two in their 50s. The H. pylori DNA
detection rates were as follows: 20s, 23.1%; 30s, 22.3%, 40s, 13.3%;
and 50s, 50.0%. There were no signiﬁcant differences between age
groups (Table 3).
3.3.  H. pylori DNA detection rate among fathers
There were 284 fathers, of whom four were in their 20s, 178 in
their 30s, 98 in their 40s, and four in their 50s. The H. pylori DNA
detection rates were as follows: 20s, 0.0%; 30s, 8.4%; 40s, 7.1%; and
50s, 0.0%. There were no signiﬁcant differences between age groups
(Table 3). However, the detection rate among fathers in their 30s
was signiﬁcantly lower than the 22.3% rate for mothers in their 30s
(P < 0.01), and a similar trend was seen in the 40s age group.
3.4. Relationship between H. pylori DNA detection in children and
their parentsOf  the 25 children who tested positive for H. pylori DNA, in 13
cases (52%) only the mother tested positive, in three cases (12.0%)
only the father, and in one case (4.0%) both parents. This means
Table 3
H.  pylori DNA detection rate among parents.
Age 20s 30s 40s 50s
No. of mothers 13 233 90 2
DNA detection rate 23.1% 22.3% 13.3% 50.0%
No. of fathers 4 178 98 4
DNA detection rate 0.0% 8.4% 7.1% 0.0%
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Fig. 1. Positive concordance rate for H. pylori DNA in mother and child. The ﬁlled area is the concordance of mothers who tested positive for H. pylori DNA. Among the 338
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[ases in which samples were taken from both mother and child, 25 of the children
omparison, 313 children tested negative for H. pylori DNA and a lower proportion o
etween groups (P < 0.05).
hat, of the 25 children who tested positive, one or both parents
ested positive for H. pylori DNA in 17 cases (68.0%). The H. pylori-
ositive concordance rate was higher between mother and child
han between father and child, and the mother–child relationship
as investigated. Among the 338 cases in which samples were
aken from both mother and child, 25 of the children tested positive
or H. pylori DNA and 14 of their mothers (56%) also tested positive.
n comparison, 313 children tested negative for H. pylori DNA and a
ower proportion of their mothers (54 mothers, 17.2%) also tested
egative, showing a signiﬁcant difference between groups (P < 0.05)
Fig. 1).
.  Discussion
H.  pylori infection is reported to have a high incidence rate in
eveloping countries and a low rate in developed countries [32]. In
apan, there is a biphasic pattern: the infection rate among people
ged ≤20 years is approximately 20%, or roughly the same as in
ajor developed countries, but among people aged ≥50 years, it
s high at 60% or higher [22]. The infection rate is high in develop-
ng countries that do not have adequate water and sewer services
r have a poor sanitation environment [19,32], and reports from
hina [33] and Russia [34], where there has been remarkable eco-
omic growth and the sanitation environment is being improved,
how a biphasic pattern of infection similar to Japan. These ﬁndings
rovide evidence for a close relationship between social environ-
ent, including sanitation, and H. pylori infection rate.
The  H. pylori infection route is believed to be oral, and is proba-
ly oral–oral infection between mothers and children and infection
rom contaminated water. However, there have been few detailed
tudies of the period of initial H. pylori infection and the infection
oute. We  previously reported that H. pylori from the stomach and
rom the mouth have the same genotype at the molecular biological
evel, and that approximately 50% of mothers of H. pylori-positive
hildren have a matching H. pylori DNA subtype [28,35], showing
hat H. pylori infection can be diagnosed by testing H. pylori DNA in
he saliva.
In  the present study, we tested for H. pylori DNA using real-time
CR on samples of saliva from children aged 3–6 years attending
reschool in order to investigate the period of initial infection dur-
ng infancy. With regard to H. pylori infection in children, Naito et al.
36] measured H. pylori immunoglobulin G (IgG) in the urine of 452d positive for H. pylori DNA and 14 of their mothers (56%) also tested positive. In
 mothers (54 mothers, 17.2%) also tested negative, showing a signiﬁcant difference
children aged 4–10 years and reported a detection rate of 4.0–6.7%
with no differences due to age. In the present study, the H. pylori
DNA detection rate rose somewhat with age, but there were no sig-
niﬁcant differences. However, the rate was 4.9% among 4-year-olds
and 10.0% among 5-year-olds, which is a sharp increase. At 3 years,
4.1% of children were already infected with H.  pylori, suggesting
that the ﬁrst infection is before the age of 3 years, and the increase
at 4–5 years suggests that there is a greater risk of infection dur-
ing this period. At 4–5 years, children are developing socially and
their sphere of activity is expanding, so it is likely that they have
increased chances of coming into contact with people other than
their parents and contaminants that present the risk of infection.
The possibility of infection by this route cannot be ignored. There
is a need for future studies with sampling methods that are fea-
sible for examining children under the age of 3 years and also for
follow-up studies by age.
The  H. pylori DNA detection rate among adults has been reported
to increase with age [37], but in the present study the detection rate
among the parents showed no signiﬁcant differences by age group.
A possible reason for this is that there were very few samples from
parents in their 20s (13 mothers and four fathers) and in their 50s
(two mothers and four fathers). Kumagai et al. [38] and Asaka et al.
[37] report that the H. pylori infection rate among Japanese adults
during the 1990s was  ≥40% for people in their 30s and ≥60% for
people in their 40s. In the present study, the infection rates were
22.3% for mothers and 8.4% for fathers in their 30s, and 13.3% for
mothers and 7.1% for fathers in their 40s. The infection rates were
thus lower in both age groups, which appear to indicate that the
H. pylori infection rate among Japanese adults has fallen in recent
years.
Although there are generally believed to be no gender differ-
ences in the H. pylori infection rate, in the present study, the
H. pylori DNA detection rate among mothers in their 30s was 22.3%,
compared to which the rate among fathers in their 30s (8.4%) was
signiﬁcantly lower (P < 0.01). A similar trend was seen among par-
ents in their 40s. The reason for this is not clear, but as saliva was
collected for 2 min  after getting up in the morning before rinsing the
mouth or cleaning the teeth in principle, it is possible that working
fathers, who  tend to rush in the mornings, were less able to collect
sufﬁcient saliva.
With  regard to the relationship between H. pylori DNA detec-
tion in children and in their parents, Sugiura et al. [28] found that
in all cases where H. pylori DNA was detected in the saliva of a
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hild, it was also detected in the saliva of either one or both par-
nts. In the present study, however, 25 children tested positive for
. pylori DNA, and in eight of these cases (32.0%) neither parent
ested positive. It is possible that there are infection routes other
han parents (e.g., other family members, classmates, etc.), or that
aliva was not correctly sampled, and this is an issue for future
tudy. However, the H. pylori DNA detection rate in mothers of
. pylori-positive children was signiﬁcantly higher than in moth-
rs of H. pylori-negative children, showing the predominance of H.
ylori infection transmitted from mothers to children.
In  the present study, a follow-up of speciﬁc samples was  not
ossible because anonymity was preserved by assigning numbers
o facilities and subjects for reasons of protection of personal data.
n future studies, the method of sample collection and the method
f ensuring anonymity will need to be reconsidered. It is hoped that
. pylori infection prevention awareness programs aimed at parents
nd at children will be bolstered, and also that the effectiveness of
nfection prevention interventions in the sanitation environment
f kindergartens and nursery schools will be investigated.
.  Conclusions
Children attending preschool and their parents were tested for
. pylori DNA using real-time PCR on samples of saliva, and the
ollowing results were obtained:
. H. pylori DNA was detected in children aged 3 years, suggesting
that  initial infection may  be at <3 years of age.
. The H. pylori DNA detection rate increased with increasing age
from  3 to 6 years, with a sharp increase between 4 and 5 years,
thus  suggesting that there is a high risk of infection at 4–5 years.
. The H. pylori DNA detection rate was signiﬁcantly higher among
mothers  of H. pylori-positive children than among mothers of
H.  pylori-negative children, indicating that infection from the
mother  is the most important route.
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